Two mitochondrial and one nuclear genetic marker were used to study the phylogenetic position of the two reported CO1-genotypes of Caligus elongatus in a group of closely related caligid parasites. Molecular analysis of the two mitochondrial genes (CO1 and 16S), indicate genetic distances of the two C. elongatus genotypes in the lower range of distances previously reported between other crustacean species, but higher than comparable reported within-species differences. Analyses of nuclear 18S sequences indicate no detectable differentiation between these genotypes, but may be due to expected differences in the resolution of these genetic markers. Investigation of two of three selected morphological characters reveals phenotypes supporting the division based on the molecular division. The species status on the two C. elongatus genotypes cannot be drawn conclusively, although the molecular and morphological data presented here suggests the presence of sibling species.
Introduction
The genus Caligus Müller, 1785 is the most species-rich genus within the family Caligidae Burmeister, 1835 and includes more than 371 species (Walter 2005) . It is followed by genus Lepeophtheirus von Nordmann, 1832 with 138 species, and Anuretes Heller, 1865 with 26 species (Walter 2005) . The family Caligidae includes 29 other genera with only a small number of recognized species in each (Boxshall and Halsey 2004) . Caligidae are typically surface grazing ectoparasites of fishes, feeding mainly on blood, mucus, and epithelial tissue of their hosts (Boxshall and Halsey 2004) . Many caligid species have narrow host preference, such as Caligus gurnardi Krryer, 1863, which has only been recorded from three species of triglid fishes (Kabata 1979) . Other caligids use a much wider range of different hosts, i.e. the sea louse, Caligus elongatus Nordmann, 1832, which has been recorded from more than 80 different fish species (Kabata 1979) . Caligus elongatus has been found on both elasmobranchs and teleosts in marine waters and has a worldwide distribution, indicative of great adaptation to different hosts and environments (Parker 1969) . Caligus elongatus is also a troublesome parasite in marine aquaculture, not only due to the infestation of farmed salmonid stocks, but also because of its potential to infest other fish species such as gadoids and flatfishes (Johnson et al. 2004 , qines et al. 2006 .
A study using mitochondrial cytochrome C oxidase subunit 1 DNA sequences (mtCO1), identified two genetically distinct groups of C. elongatus, presented as genotype 1 and 2 (qines and Heuch 2005 Heuch , 2007 qines et al. 2006) . Furthermore the two genotypes varied in frequency on wild fishes at different times of the year, occurring sympatrically both on individual fish and in the same coastal area, although at different intensities in autumn and spring qines and Heuch 2005, 2007) . The present study investigates if these two groups have morphological characters and additional molecular data that may shed more light on the species status of these two genotypes.
Morphological phylogeny of copepods has been carried out between orders, genera, and families (Huys and Boxshall 1991 , Ho 1994 , Ho and Lin 2002 . Molecular phylogenetic investigations have also been carried out on copepods, but few studies are available on the phylogeny within the Caligidae. Sequence analysis of mitochondrial DNA (mtDNA) is common in studies of population genetics and evolutionary genetics. More than 700 species of multi-cellular organisms have had their entire mitochondrial genome characterized, but only three of these organisms are crustaceans (Tjensvoll et al. 2005, Shao and Barker 2007) .
In a phylogenetic study where the organisation of the mitochondrial genomes were analysed, it was found that the salmon louse, Lepeophtheirus salmonis (Krryer, 1838), was substantially different in its genome arrangement compared to other organisms investigated (Tjensvoll et al. 2005, Shao and Barker 2007) . Phylogenetic analysis of 18S with a cladistics analysis of morphological characters has been carried out by on many copepod genera, with an intention to understand the deeper phylogeny within these copepods. Therefore only a limited number of species from each genus were included in the analyses. Tjensvoll (2006) presented phylogenetic analyses of a few copepods based on 28S, 18S and mtCO1. These trees included up to three Caligus and four Lepeophtheirus species, although these phylogenies included several distantly related copepods. This was part of a study where the phylogenetic position of L. salmonis with relation to the other families of copepods was studied, but this analysis did not include both genotypes of C. elongatus.
Since only a few studies have investigated the phylogeny on some of the Caligidae, there is little information available on the molecular phylogeny between closely related species of the genus Caligus, and in particular the positioning of the C. elongatus genotypes and their closely related species.
Morphological studies using techniques that enable screening of various characters simultaneously and detect smaller changes within these, may improve taxonomic assessment of closely connected organisms. An initial molecular investigation may give indications of differences within sample populations, which could be further explored using complementary investigations, such as a detailed morphological investigation. A recent revision of the harpacticoid Evansula Scott, 1906, ended up describing three new species based on a set of newly discovered small morphological character differences using a scanning electron microscope (Huys and ConroyDalton 2006) . With the increased availability of morphological characters, backed up with molecular data, diagnostic species assessments and discussions on the validity of species status in a variety of taxa will continue.
The systematic of Caligidae has generally been based on morphological characters, with a few recent exceptions (Jones et al. 2006 , qines and Heuch 2005 , Tjensvoll 2006 ). The molecular systematic of the caligids is however, still in its infancy. In many cases descriptions of caligid species are only based on few type specimens, which is not available for further studies and consequently complicate the development of more refined identification methods. Since C. elongatus is one of the species that have undergone systematic revision on several occasions (Parker 1969) , there is an utter need of molecular characterisations to enable correct identifications of caligids. Correct identification allows a better understanding of the distribution and host associations of these parasites, which will increase our understanding of their ecology.
Two separate clades of C. elongatus were identified based on the sequence analysis of mtCO1 (qines and Heuch 2005) .
Laboratory experiments also revealed that these genotypes vary slightly in their host preference (qines et al. 2006) . Furthermore, in a study where lice on wild fish on the SEcoast of Norway were investigated, it was found that the dominance of these two genotypes changed in spring and autumn .
The present work will investigate the molecular phylogeny of closely related available Caligidae species using molecular analysis of three genes (CO1, 16S and 18S) to assess the diagnostic species status of the two C. elongatus genotypes. Morphological analysis of a selected set of characters is also presented to provide morphological support to these investigations. Emphasis in this study is on the comparison of the phylogenetic distances of the two C. elongatus genotypes and their relationship when, compared to other closely related caligid species.
Materials and methods

Lice sampling
Lice were mainly collected from an area off the south-eastern coast of Norway (see map in Schram et al. 1998) . Additional lice included in this study were (Metacaligus uruguayensis (Thomsen, 1949 ) from Taiwan; Caligus quadratus Shinoo, 1954 from Chile and Pseudocaligus brevipedis (Basset-Smith, 1896) . The remaining of lice used in the study was collected by the authors in Norway. Further details on the sampling setup, is given in Heuch et al. (2007) . A few C. elongatus samples were from Canada and Scotland. Lice were morphologically identified according Kabata (1979) , and initially genotyped using the molecular mtCO1 identification of qines and Heuch (2005) , or by the real-time PCR method (qines and Heuch 2007).
Morphological analysis of Caligus elongatus genotype 1 and 2
In an attempt to link genotypes to phenotypes, three morphological characters were investigated for a selected pool of genotyped lice. Adult lice available for genetic and morphological investigations, 19 males and 21 females, were prior to analysis cut in two along the anterior-posterior axis. This allowed DNA-extraction to be taken on one half of the body, whereas the morphological studies could be carried out on the second half. The parasites were measured and appendages dissected out using a Wild M 10 microscope. The parts that were studied in detail were transferred to polyvinyl lactophenol for permanent mounting. All comparisons for appendages were based on camera lucida drawings, equipment mounted on a Leitz Ortholux II compound microscope.
The number of available items for each character studied is smaller than the total pool of adult samples, because of damage during cutting and/or that the appendages were missing from the parasites. The morphological characters below were selected according to their ability to discriminate between species in Caligidae as presented by Kabata (1979) . The first character The tip of the exopod of the first leg has three terminal setae of equal length and a fourth much longer. Seta 2 and 3 appear chelate due to second processes arising at mid-length in C. elongatus. The lengths of these processes are approximately as long as the setae according to Kabata (1979) which is considered as the typical variant (Fig. 1A) . Initial investigations indicated that some specimens of C. elongatus had clearly longer processes than setae, which were assigned to be the atypical variant (Fig. 1B) .
The second character
Fourth leg is three segmented. The relative length and sturdiness of the spine on the second segment was examined. On some legs this spine was stronger built and extended to or slightly beyond the base of the first spine on the third segment ( Fig. 2A) . In other appendages the spine was slimmer and shorter; did not reach the base of the first spine on the third segment. The latter were designated the atypical variant (Fig. 2B) .
The third character
The third character was the general shape of the sternal furca. Typical was short box, strong diverging tines fused at bases, tapering with rounded tips devoid of flanges. The atypical had longer and more narrow, slightly curved tines.
Molecular analysis -general setup DNA extraction was carried out according to qines and Heuch (2005) , including an RNAse-treatment step. All sequencing was performed on the MEGABACE 1000 (GE Healthcare), using DyeET-terminator mix (GE-Healthcare) and was carried out in 10 µl reactions. Initially some of the PCR-products were difficult to characterize due to weak amplicons or the presence of 'smears' possibly due to unspecific primer binding. Initial characterisation in some of these organisms first involved cloning of the PCR-products. Cloning was carried out using PCR-script Amp (Stratagene) according to the manufacturer instructions. Sequencing of these cloned PCR-products was carried out using standard M13-primers. Analysis of these sequences allowed further primer design, allowing more specific amplification.
Some of the DNA samples failed to amplify in one or all of the available PCR-setups, and hence were not included in the current study. This may have been due to insufficient sample storage conditions of either specimens or DNA, or due to nucleotide differences in the primer binding sites for these organisms, prohibiting PCR amplification or sequencing. Table I . For all sequences BLAST search was performed prior to subsequent phylogenetic analyses to avoid use of host or contaminant sequences.
CO1 (mitochondrial)
Experimental set up for PCR and for sequencing of CO1 were carried out according to qines and Heuch (2005), but with additional sequence-primers constructed (not listed). Alignment of the sequences was generated using the AlignX-module in Vector Nti (Invitrogen), using default settings and with minor manual editing, if needed. In the finished project, the alignment of sites 58 to 561 were exported and used for subsequent phylogenetic analysis.
16S (mitochondrial)
Initial primers for amplification of the mitochondrial small subunit ribosomal rRNA gene (ssu rRNA) 16S fragment were 16SAr, and 16SBr (Palumbi et al. 1991) , and these primers were used on the initial amplification of the rDNA on some lice. Subsequently, caligid specific amplification primers for this fragment were designed from an initial alignment using the available C. elongatus sequence (AY660020), and a L. salmonis sequence (AY602949). Conserved regions within selected areas of the alignment suitable for primer binding was identified and permitted design of a more "caligid" specific PCR using the primers "16ceoioiF" (5'-GCCTGTTTATCA AAGACATA-3') and "16ceoioiRew" (5'-ATAGAAACCAA TCTGGCTTA-3'). These primers were used both for amplification and for sequencing of these partial 16S fragments. PCR on lice DNA was carried out in 20 or 40 µl reactions, using the Taq-polymerase AmpliTaq (GE-Healthcare, Bucks, UK). PCR-cycling conditions were as follows: Initial denaturing 95°C for 2 min, 37 cycles, with denaturing at 95°C for 30 s, annealing temperature 46°C for 30 s and elongation at 72°C for 1 min. The final elongation step was 72°C for 7 min. Additional sequence primers were designed and used in the sequence reactions.
For the phylogenetic reconstruction, all caligid sequences available in databases were included in the analysis. For the rooting of the phylogenetic tree, the nearest out-group organism available for 16S was the copepod Cletocamptus deitersi (Richard, 1897) (AF315002). This sequence was chosen as an out-group since the harpacticoid copepods appears to have a common ancestor to the Siphonostomatoida ) and morphological analysis (Huys and Boxshall 1991 ). An alignment was constructed using AlignX in Vector Nti with the default settings and with some additional manual editing, if needed. The alignment of sites 552 to 990 were used in the phylogenetic analyses. 95 Stanis³a * This material was part of a material originally described as C. rapax prior to its inclusion to species C. elongatus (Parker 1969) .
qivind qines and Thomas Schram 18S (nuclear) Primers for 18S-PCR were constructed after initial alignment of the sequences for C. elongatus (AY627020), L. salmonis (DQ123828) and Caligus clemensi Parker et Margolis, 1964 (DQ123833) . Primers designed were "F18caligus53"-(GCC AGTAGTCATATGCT) and "R18caligus35"-(TTGCCCTC CAGAGGTT). These primers generated a PCR product of 1695 base pairs. PCR cycling conditions were identical to the 16S-PCR (above). Sequences used to root the phylogenetic trees were from Clavella adunca (Ström, 1762) (AY627028) and Lernaeocera branchialis (L.) (AY627030), and were selected on similar grounds as the other out-groups.
The alignment was constructed using AlignX module in Vector Nti, with default settings and minor manual editing, if needed. The resulting alignment consisting of sites 105 to 1702, were exported and used for phylogenetic analysis.
Sequence analysis
For all sequences, chromatograms were imported into Contig-X module in the Vector Nti software (Invitrogen, La Jolla, USA) for manual editing. After removing noise, ambiguous or unresolved areas of the chromatograms, the fragments were subsequently assembled. The majority rule principle was applied to the calculation of consensus sequences for each species. Generally, only a very few single base differences were observed within each species, and was thought have occurred due to small sequence errors. Some sequences included in the phylogenetic analyses were based on sequences from only one or two PCR reactions. These sequences were, however, sequenced more times in both directions using additional internal primers to ensure the highest quality possible. For the majority of sequences from all species, a majority-rule principle was used, so that a minimum of three separate sequences from different parasite samples or from at lest three separate PCRs (if multiple samples were not available for that particular species) were used for consensus sequence calculation. The resulting consensus sequences were aligned using the module Align-X in Vector Nti.
Phylogenetic analysis
Phylogenetic analyses were performed in PAUP * (Swofford 2003) . For all three data sets, both maximum likelihood (ML), maximum parsimony (MP) and distance phylogenies were constructed.
Modeltest 3.7 (Posada and Crandall 1998) was used to find the most suitable nucleotide substitution model to match each of the datasets (CO1, 16S and 18S). It has been shown that the widely used hLRT's in Modeltest may not always be the optimal strategy for model selection, and that the AIC in some cases offer advantages, particularly on larger datasets (Posada and Buckley 2004) . The Aikake information criterion (AIC) in Modeltest was selected for the 18S dataset due to this being a larger dataset. For the smaller datasets (CO1 and 16S), the hierarchical likelihood ratio test (hLRTs) was applied.
The phylogenetic analyses were carried out in PAUP * using default settings. For ML and distance methods, the substitution rate matrix, gamma distribution shape parameter values and the proportions of invariable sites (all calculated from Modeltest), were added as parameters in phylogenetic construction. Heuristic searches were performed to generate the phylogenetic trees. If more than one tree was obtained after a particular analysis, a strict consensus tree was generated from these. After phylogeny construction bootstrap support values were calculated for each phylogenetic method, in 500 replicates. Similarly, if multiple bootstrap trees were obtained, a strict consensus bootstrap three was calculated from these. Only the maximum likelihood trees are presented herein, but the corresponding bootstrap values from the MP and distance methods have been included on the splits in the ML-trees.
Only bootstrap values over 50 are displayed.
Pair-wise K2P-distances (Kimura 1980 ) of all alignments were also calculated using K2P-distance option in MEGA version 3.1 (Kumar et al. 2004) , with default settings, for direct comparison of distances reported in other studies.
Results
Morphological analysis of adult Caligus elongatus of both genotypes
All together 40 genotyped lice were studied. The mean length of the 21 females was 4.96 mm (SD = 0.63, range 3.8-6.3) and that of 19 males was 4.65 mm (SD = 0.58, range 3.7-6.1). Thus the males were slightly shorter than females.
The results of the morphological analysis are summarized in Table II . In the study of the relative length of processes on the first leg, 72.2% of genotype 1 has short processes, whereas only 7.1% of the genotype 2 had short processes (Fig. 1A,  B ; Table II) . Furthermore, studies of the relative length of the spine on the second segment of the fourth leg revealed that in 85% of the legs of genotype 1, this spine was sturdy and long, passing beyond the base of the following spine on fourth leg ( Fig. 2A, B ; Table II ). Among genotype 2 lice, only one leg or 5.3% of the available appendages had such a long spine. With regard to the shape of sternal furca, approximately 60 and 83% of genotype 1 and genotype 2 respectively, had morphologically similar sternal furca (Table II) .
Generally, the sex ratio in the different comparisons, were similar and close to 1. Due to inaccuracies in longitudinal cutting of the lice, the number of missing sternal furca (14) was much higher than among leg 1 (n = 8) and leg 4 (n = 7).
Molecular phylogeny of caligids
Mitochondrial CO1
A total of 504 aligned base pairs of the CO1-fragment from 18 (19) species were used for phylogenetic construction. First the Tigriopus californicus Baker, 1912 sequence was included in the ML analysis in order to root the tree. The resulting phylogenetic tree obtained when using T. californicus out-group, was difficult to interpret due to the great divergence between this species and the remaining Caligidae sequences. A possi- Specific difference in genotypes of Caligus elongatus bility of long-branch-attraction could have been a problem if this sequence was used as a root-sequence. From the initial ML tree the Metacaligus uruguayensis (Thomsen, 1949) sequence appeared ancestral to the other caligid sequences included in the analysis. Therefore, Modeltest analysis and phylogenetic construction was repeated without the Tigriopus sequence, using the caligid M. uruguayensis sequence as an out-group. Gaps/deletions were not detected within the Caligidae sequences; however, one codon was missing for T. californicus in the initial alignment with the caligids. Modeltest indicated that the best model of nucleotide substitution model under the Aikake information criteria (AIC) for the data set was the general time reversible model (GTR+I+G), using a gamma distribution shape parameter of 0.319 and an invariable sites proportion of 0.394. Base frequencies were A (0.29), C (0.11), G (0.17) and T (0.43), respectively. The phylogenetic analysis gave a partially unresolved tree, with many bootstrap valued below 50. Only a few splits generated bootstrap valued above 50 for all three analyses (Fig.  3) . These splits were C. elongatus genotype 1 vs. genotype 2, and this clade's association with C. gurnardi (clade C; Fig. 3 ). The second group with bootstrap values higher than 50 for all three methods was the C. centrodonti Baird, 1850 and Pseudocaligus brevipedis split (clade B; Fig. 3 ). Thirdly the L. pectoralis (Müller O.F., 1776) and L. thompsoni Baird, 1850 split indicated by high bootstrap values (>86) (clade A; Fig. 3 ). This mtCO1 phylogeny did not indicate good support between the division between Lepeophtheirus species and Caligus species as two main groups, with a bootstrap value of 58 for ML analysis and below 50 for the remaining. The Caligus genus appeared polyphyletic in the phylogenetic analyses.
K2P-distances obtained from MEGA indicated an average distance between the caligid species to be 0.218. Distance between the C. elongatus 1 and C. elongatus 2 were 0.129. K2P-distances between C. centrodonti and P. brevipedis were the second lowest with a distance of only 0.137. Caligus clemensi, C. quadratus Shiino, 1960 and L. pollachius vs. L. hospitalis Fraser, 1920 differed by 0.152 and 0.153, respectively.
Mitochondrial 16S
A total of 438 aligned base pairs from the 16S-fragment, of 11 species were included in the phylogenetic reconstruction. Modeltest suggested that the best model of nucleotide substitution was general time reversible (GTR+G), with a gamma distribution shape parameter of 0.359. Base frequencies were A (0.38), C (0.14), G (0.14) and T (0.34). The resulting phylogenetic trees and their corresponding bootstrap values did not place the Lepeophtheirus species and Caligus species as two well supported groups, although the Lepeophtheirus species grouped into one monophyletic clade, indicated by high bootstrap values (clade A; Fig. 4 ). The position of the remain- ing Caligus species appears in the tree as separate clades, with three Lepeophtheirus species branching out between these clades. Caligus diaphanus appears as the closest relative to C. deitersi, which was the sequence used to root this tree. Caligus centrodonti was not available for the 16S analysis, but P. brevipedis, C. centrodonti and C. curtus clustered together in this analysis (clade B ; Fig. 4) . The previously reported C. elongatus AY660020 clustered as accepted with C. elongatus genotype 2, appearing in the phylogenetic tree just after a well supported split of C. elongatus genotype 1. This group together with C. gurnardi gave a well supported clade, indicated by bootstrap values higher than 94 in all analyses (clade C; Fig. 4) .
Pairwise K2P-distances obtained from MEGA indicated an average interspecific P-distance value of 0.221 for the caligids. The distance between C. elongatus 1 EF095408 and C. elongatus 2 EF0954409 was 0.029. K2P-distances between the remaining caligid species ranged from 0.048 [(C. gurnardi vs. C. elongatus (AY660020)] to 0.311 (L. salmonis vs.
C. elongatus genotype 2).
Nuclear 18S
A total of 1541 aligned base pairs of the 18S-fragment, from 22 species were included in the phylogenetic construction. Gaps or deletions were not detected within the Caligidae sequences.
Modeltest indicated that the best model of nucleotide substitution under the Akaike information criteria (AIC), was the general time reversible, using a proportion of invariable sites 98 (Fig. 5) . In the phylogenetic phylograms the C. pelamydis sequence branched out prior to the remaining Caligus species but this position was supported less in the bootstrap analyses for both MP and ML. Pseudocaligus brevipedis clustered in a well supported group with both C. curtus and C. centrodonti indicated by high bootstrap values (clade B; Fig. 5 ). Another well supported clade was the C. elongatus genotype 1, C. elongatus genotype 2, C. belones and with C. gurnardi group (clade C; Fig. 5 ). Caligus quadratus and C. clemensi appear closer to clade C, than clade B in this tree.
Calculated average P-distances for the caligid sequences (P. brevipedis inclusive), were 0.02. Distances ranged from <0.000 to 0.036. P-distances smaller than 0.003, were observed for two clades: The first of these clades were the C. elongatus 2 (EF088408), C. elongatus (EF088408), C. elongatus (AY627020) and C. belones (EF088405) samples, all generating a K2P-distance <0.000. Lepeophtheirus parvicruris Fraser, 1920 vs. L. thompsoni generated a P-distance of <0.000. Minimal differences were observed between sequences of
and L. pectoralis (EF088413) all generating K2P-distances equal to or less than 0.002.
Discussion
Morphology Total lengths of females were slightly longer than males, as indicated in previous descriptions (Kabata 1979 , Piasecki 1996 . The combined morphological results from two morphological characters may be used to identify mitochondrial genotypes of C. elongatus. Most of the genotype 1 lice have short processes on the first leg and long spine on the fourth leg, whereas the shape of the sternal furca shows more plasticity in samples of both genotypes.
Molecular data
The molecular divergence of the different genes supports the mutation rates which have been documented for the same genes in other organisms. In terms of diversity for these genes, our results follow what is expected after both Hu et al. (2003) and Shao and Barker (2007) . An arrangement of the observed level of differences between the different genes, follow the expected; CO1>16S>18S. The nuclear rssu-gene indicated the lowest mutation rate, whereas mtCO1 varied most between the different species.
In the present phylogenetic analyses, a number of consistent observations are documented. Firstly, Lepeophtheirus species appears monophyletic in all trees. Second Caligus species appears paraphyletic, branching out both before and after the monophyletic Lepeophtheirus clade. The main morphological difference between these genera is the presence of lunules in all Caligus species and the absence of these in Lepeophtheirus species. As seen in the analysis of 16S, the Lepeophtheirus groups after the cluster "C", but before other Caligus species, Metacaligus and Pseudocaligus. A similar observation was seen in the analyses of CO1. In the 18S analyses, the division of Lepeophtheirus and Caligus appear more symmetric with Caligus appearing monophyletic. Differences in the resolution between the mitochondrial and nuclear genes, or inappropriate rooting of these trees, could explain some of these deviations. Nuclear genes are expected to drift slower than mitochondrial genes (Landry et al. 2003) , and has shown less species resolution capability compared to mtCO1, when investigating cryptic species complexes (Macnish et al. 2002) . Tjensvoll (2006) used the nuclear 28S gene and wanted to address the phylogenetic position of L. salmonis with relation 102   Table II . Selected morphological characters and genotype. Lice were cut longitudinally prior to dissection of selected appendages. All characters were not available from all lice due to damage during cutting and/or that appendages were missing from individual parasites. Character 1 was the relative length of the processes on the first length and were designated either as typical (Kabata 1979) or longer. Character 2 was the length of spine 1 on the fourth leg. If this spine did not extend longer than the base of the following spine, it was coded typical. Atypical was used for samples where spine extended beyond this base. Character 3 was the general shape of the sternal furca either typical (Kabata 1979) to a selection of copepods from other genera, thus providing a 'deeper' phylogeny. The phylogenetic analysis revealed monophyly of the Copepoda taxa, and that Caligidae was monophyletic, but it also indicated that both Caligus and Lepeophtheirus were monophyletic (Tjensvoll 2006) . The monopoly of genus Caligus and Lepeophtheirus was confirmed by the analyses of the nuclear 18S-gene presented herein. Tjensvoll (2006) also presents phylogenetic trees based on CO1 and 18S analysis. These analyses indicated that the Copepoda was a monophyletic group within the arthropods; it further confirmed the close association of Caligus and Lepeophtheirus (Tjensvoll 2006) . The CO1 analysis included only four Lepeophtheirus species and three Caligus species, so these species appeared in a monophyletic clade. The inclusion of the additional Caligus species in the phylogenetic analyses of the mitochondrial genes presented herein, did not confirm the monophyly of Caligus species, but provides additional evidence of a Lepeophtheirus monophyly. The phylogenetic analyses presented in the current study supports a close association of Pseudocaligus brevipedis to family Caligidae, in contrast to the morphology-based cladistics of Ho and Lin (2002) , where Pseudocaligus appears quite distant to genus Caligus. We propose that on the basis of the new genetic evidence, P. brevipedis should be included into the genus Caligus based on its close association with C. curtus, C. centrodonti, and with other Caligus species.
For all phylogenetic analyses presented here a close phylogenetic relationship between both genotypes of C. elongatus, C. gurnardi and C. belones, is indicated. This was also expected due to their general morphological resemblance compared to the other caligids in the analysis. The analysis of the nuclear gene (18S), indicated no significant difference between C. elongatus genotype 1 and 2, or C. belones. Only a single separate nucleotide substitution in each of the sequences was recorded, this was one ambiguous base (Y at position 613 on the original sequence) for the C. elongatus AY627020. For the two other genes, both higher bootstrap support values and P-distance scores indicated support for the division. The phylogenetic divergence of these samples based on 18S analyses, was particularly small. However, such small differences can be seen between other organisms in the study (i.e. L. parvicruris and L. thompsoni), where also no differences were observed. It appears here that the 18S-gene is not suitable for species level differentiation in the Caligidae.
A study by Hebert et al. (2003) investigated mtCO1 divergence across pairs of species in the animal kingdom using available DNA-sequences. They found that most species showed a divergence of between 8-16%, and an average divergence of 11.3%. Approximately 60% of all 13320 congeneric species showed this divergence (Hebert et al. 2003) . Similar variations are also documented in a range of other phylogenetic studies (Waugh 2007) . Interestingly these variations (Hebert et al. 2003) were close to the observed 12% difference between C. elongatus genotype 1 and 2 (qines and Heuch 2005). Lefébure et al. (2006) documented that mtCO1 inter-specific differences in crustaceans (for position 100-580, which is the same area of CO1, investigated in the current paper), had a median divergence range of 0.013-0.015, but ranged from 0.0 to 0.094. Within-genotype distance for a portion of CO1 has bec estimated to 0.007 (SE 0.002) for C. elongatus genotype 1 and 0.015 (SE 0.003) for genotype 2 (qines 2007). Between species in the same genus the median range was 0.251-1.016. Observed range was 0.154 to 1.564 (Lefébure et al. 2006) . From the analysis of the caligid sequences an average K2P-distance of mtCO1 were 0.218, which is slightly below the median range found by Lefébure et al. (2006) , but well within the total observed range. The distance between the two genotypes of C. elongatus were 0.129, and distance between C. centrodonti and P. brevipedis was 0.137. Both these observed distances are higher than the upper observed range within species, but slightly below the observed range in congeneric species presented by Lefébure et al. (2006) .
Similarly for 16S, median divergences between species in the same genus were 0.021-0.026, ranging from 0.0 to 0.133. Similarly, divergence between species of the same genus, a median range of 0.037-0.069 was reported, with a range of 0.0-0.402 (Lefébure et al. 2006) . Investigations of the caligid 16S sequences all fell within the reported observed range, but were above median observed inter-specific differences and below median range of inter-specific differences.
In summary, in both mitochondrial genes we find distances that fall between the intra-species and inter-species genetic distances which have been reported in crustaceans (Lefébure et al. 2006) . Since caligid species in the present study have genetic distances below the previously reported distances, it is likely that the reported ranges of Lefébure and colleagues, do not apply to Caligidae species. No differences were detected in the analysis of 18S between the C. elongatus genotypes, but no differences were also observed for other pairs of congeneric caligid species in the study. The observation based on the molecular and the morphological data reported here might indicate that if a speciation event has taken place in these genotypes this could be a relatively recent event, if compared to the other congeners that were available for investigation.
Detailed morphological, molecular and behavioural studies of a population of closely related organisms can reveal new variants of an organism, which may commonly be referred to as: strains, genotypes, clutches, sibling species, cryptic-or sub-species, or new species. It has been shown that cryptic, sibling or sub-species are common in crustaceans (Lefébure et al. 2006) , and among copepods (Knowlton 1993 (Knowlton , 2000 Lee and Frost 2002; Goetze 2003) . Generally, copepods show high levels of genetic divergence, but in some cases the observed levels of morphological divergence do not follow the level of genetic divergence. This may suggest that reproductive isolation have been uncoupled from morphological divergence (Goetze 2003) . Studies using sequence analysis of mtCO1 have successfully identified within-species differences caused by the presence of 'cryptic'-or 'sibling'-species within many crustaceans (Lefébure et al. 2006) but have also identified such levels of speciation in other eukaryotes (Waugh 2007 ).
The sibling-or cryptic-species terms are terms that are likely to possibly reflect recent speciation events, and are often based on molecular data analysis, since their morphology can be quite similar. Sibling species is a species-term used for closely related organisms that often show intermediate properties to what is acknowledged as species limits. Sibling species are frequently found in the marine environment (Knowlton 1993) , where molecular characterisation can reveal sub-populations of organisms previously assumed to be monophyletic. Molecular systematic studies of crustaceans have documented their presence (Knowlton 1993 (Knowlton , 2000 Goetze 2003 ). Sibling species complexes in copepods have been described for Eurytemora affinis (Poppe, 1880) (Lee and Frost 2002) and eucalanids (Goetze and Bradford-Grieve 2005) . In a metastudy, it was found that the great majority of the species in the animal kingdom show CO1-sequence divergence of 8-10% between congeneric species pairs (Hebert et al. 2003) . A mean divergence across all taxa investigated here was found to be remarkably close to the divergence of the two genotypes presented between the two genotypes of C. elongatus.
In conclusion, the data presented here appears to indicate speciation within what has been reported as the two North Atlantic genotypes of C. elongatus. This is supported by phylogenetic analyses of two mtDNA genes and investigations of two morphological characters. Phylogenetic species status may therefore be appointed to these genotypes. The analysis of the nuclear gene 18S however, did not provide additional support to a species division. More molecular and morphological screening of C. elongatus populations from around the world might reveal even more diversity within this species. The data presented indicate that the two genotypes have morphological and phylogenetic characteristics that can qualify for species division. A definitive conclusion on the biological species status of the two genotypes of C. elongatus cannot be drawn here, but should be further pursued by reproductive isolation experiments in future studies.
